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As mentioned i n  the previous report the conversion data of  tritium i n  the 

so l id  phase a t  4 . 2 O ~  and the conversion studies made a t  27.2*K were submitted 

for  publication i n  June 1963. This paper recently appeared i n  the Journal of  

The American Chemical Society4 twemty-five copies are appended. 

Investigation of  the nitrogen system has continued using and 

NalS-lS under various conditions, but pr incipal ly dictated by the knowledge 
gained from the tritiun experiments. To date a small ef fect  has been observed 

i n  the conversion of  the nitrogen system a t  -1.5OK. 

ledge gained from the tritiun experiments enhancement o f  th is  conversion 

appears 1 i kel yo 

From a continuing know- 

I 



Fundamental atom and molecule reactions and their  concomitant 

ro le  i n  the chemistry of the upper atmosphere have been under investi- 

gation a t  R P I  for thir past ten years. These studies have been directed 

by Dr. Paul Mrteck, Distinguished Research Professor of  Physical 

Chemi stry. 
. 

During the past three years under th is  grant we have investi- 

gated the kinet ic processes associated w i t h  the following: 

(a) The ortho-para conversion of nitrogen and t r i t iun.  

(b) The behavior o f  excited metastable nitrogen molecules (AsZu) 
i 

and the reactions o f  ni trogen atoms. 

(e) The chemiluminescent reactions sui table for  upper a-s- 
phere research: e.g., the reaction o f  sulfur, carbon disul- 
fide, lead, bismuth and organometallic compounds reacting 
wi th oxygen atoms. 

Under part (a) two papers have appeared in the l i terature 
and are appended. Work on the nitrogen atom chemistry under 
part (b) was tncluded as a Ph.D. thesis topic, 8 copy of which 
i s  also appended. Two papers were published i n  th is  connection# 
raprirrk u o  givon with the thesis. A port ion of the study of 
chemilurrfnescent atom reactions, part (c), ware rqmrted ear l ier  
and a copy i s  rlro included here. 

A. Ths Orthocpara Systemsr 

Bonhoeffet and Harteck i n  their  classical experiments on the 

conversion of orthohydrogen in to  parahydrogen found that the rate of  con- 

version i n  the so l id  phase, l iqu id  phase and when the hydrogen molecule 

4s adsorbed on charcoal exhibited rates of  conversion which may be readily 

studied in  the laboratory. Furthermore, as subsequently shown by Farkm 

and Sachsse the conversion of  hydrogen i n  the gas phase while i n  the 

presence of  a paramagnetic gas such as oxygen or n i t r i c  oxide could be 

followed commnfently also. 
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With the precise data available for  hydrogen, the conversion 

of other molecular systans appeared feasible4 such that, within a short 

poriod of  time the conversion of  paradeuteriun in to  orthodeuterium was 

achieved by Harteck, Farkas and Farkas. 

Although any homogeneous diatomic molecule wi th a non-zero 

nuclear spin exhibits ortho-para behavior, detectable echencemcnt o f  

the low temperature modification w i l l  only occur i n  the region of  4.2% 

and below. Consequently, the eventual isolat ion of  a desired species 

requi res sped a 1 techniques . 
Although tritiun was investigated a f t e r  an exhaustive series 

of experiments on the nitrogen system the paremount problems associated 

w i t h  the nitrogen system was not f u l l y  appreciated u n t i l  we had suc- 

cessfully converted or thot r i t iun i n to  paratritiun. Therefore, we have 

elected to  discuss the tritium system f i r s t ,  since i t  offers a better 

po int  o f  daparture for  a discussion o f  the nitrogen system. 

Using the heat conductivity method of  Bomhoeffer and Hrrteck 

we have given evidence that f t  i o  possible to  convert o r tho t r i t i un  i n to  

para t r i t iun  a t  low temperatures ( l i qu id  neon, 27.2OK, and l i q u i d  hetiun, 

4.2OK) .* The rates of  conversion were substantially faster for  tritiun 

than for hydrogen. From the theories of  Wigner and others an estimate was 

made for the rate of  conversion. Hydrogen and tritiun fol low the sune 

stat ist ics,  and their  nuclear magnetic moments are about the same (2.79 

versus 2.98). 

according t o  theory, they should d i f f e r  only by a factor three. 

I f  the conversion rates of  hydrogen and tritiun are conpared 

* 

For more complete details see appended reprints. * 

*The comparison between ortho-parahydrogen and ortho-paradeuteri tan 
was not as conclusive because these two isotopes follow differemt 
stat ist ics3 i n  addition, their nuclear magnetic momnts are s ign i f i -  
cantly different (0.88 versus 2.79). 



3 

Two main reasons for t h i s  unexpected behavior seem plausible: 

1 The smal let rotational quanta of tritium campared to that 

of Ha enhance the transition probabilityj in addition, at low temperatures 

the surrounding mediun my absorb these smaller rotational quanta of mer- 

gy released in the tritium transition ( J  

the hydrogen transition. 

= 1 to J = 0) much easier than in 

2. Ion-mechanisms may play an important role in the transformation 

under certain conditions. 

From our present results we have not been able to determine in 

Qech case whether the ortho-para conversion is due to (1) B paramagnetic 

conversion or to (2) an ion-chemical mechanism: 

* T2(para) + M(paramagnetic) + phonon (1) 
T2( or tho) + M(psremsgnetic) 

The first reaction i s  a spin-reversal and the second i s  a chemical 

reaction over .ions. 

prrctieal ly m tanpucrture coefficient for the conversion, but fran other 

findings reaction (2) also has no deteetable heat of activation. 

It is wel l  known that the paramagnetic conversion has 

The tritium we obtained was never completely free of impurities. 

In fact, a certain percentage of hydrogen was always present (the concen- 

tration of hydrogen was determined spectroscopical ly) 

a prelirninaty study showed that hydrogen acted as an inhibitor in the ortho- 

pate conversion of the tritiun, This find is obviously very interesting, 

vit., that the ortho-para conversion of one hydrogen species becomes hindered 

by another hydrogen species. We have made a series of hypotheses to explain 

In this connection 
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these phenorr#ne, but addi t ionel research i s  necessary before a de f in i t i ve  

answer may be el ici ted. 

Furthennore, exploratory work has been made on a mixture o f  

hydrogen and tritium which was equilibrated by a glow discharge t o  the 

high temperature equi 1 i b r i m  concentration o f  hydrogen tri t ide  (HT). 

cooling th is  mixture t o  low tanperatures the chemical e q u i l i b r i a  was 

shi f ted quantitatively t o  the Ha + 1, side4 th i s  equi l ibr iun was estab- 

On 

lished w i t h  a velocity comparable t o  the ortho-paratritium conversion, 

indicating that the s m  or a similar ion mechanism i s  operative. 

Spectral plates o f  ortho-parshydrogen or ortho-paradcuterim 

& not exist  i n  the l i terature, therefore we have made such spectrograms. 

(A copy o f  the hydrogen system i s  appended). We t r i e d  t o  make a similar 

spectrogram with ortho-paretrit im, but we have been unsuccessful t o  dater 

even using the same apparatus which waq used for  tb picture appended for 

hydro-. From tfm d s t i n g  theories such a spectrogram o f  the para- 

tritiun rhould h8ve beein readi ly obtained, since one would have expected 

a higher s tab i l i t y  fo r  the paratr i t iun molecule than the parahydrogen 

molecule uhem exposed t o  a glow discharge. This rapid conversion I n  the 

discharge should be studied t o  c la r i f y  the mechanism for  t h i s  transformtlon. 

The rotat ional constant f o r  nitrogen i s  1/30 that  o f  hydrogen. 

Consequently, any detectable enchsncemnt of  the ortho modification w i l l  

not occur until a tenperature of P°K or lower i s  reached. The rate of 

conversion, howewer, may be extremely fast  since below 35.4OK (the t ransi t ion 

temperature for rotat ion in  t h i s  so l id  la t t ice)  the nitrogen molecules 

are hindered rotatorsi  any conversion would only be l i ke l y  a t  or below 1'K. 
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As we have indicated 

un study a number o f  dif ferent 

detai 1s see appended reports). 

emphasize the following: 
I 

i n  our swi-annual reports pr ior  t o  the triti- 

avenues were t r i ed  but without SUCCCSS. 

I n  every instance, however, we should 

(For 

(1) The extent o f  enhancement o f  the nitrogen system was deter- 

mined spectroscopically from the intensity o f  the rotat ional l ines within 

a given band produced by a glow discharge4 we never observed a reverse effest 

and sometimes a minor indication. 

(2) Secondly, a series o f  measurements were made such that  ha l f  

l i f e  times o f  a few minutes t o  f i ve  days would have been readily detected. 

From we know i n  the case o f  tritlun, the rate tf conversion o f  nitrogen 

should be much faster than expected. 

(3) To date we have repeated a nmber of  the nitrogen experi- 

ments of the f i r s t  series in  tha l i g h t  of the knowledge gained from the tri- 

t i u n  rystmt again, only fhfne indications have resulted. 

(4) I t  i s  possible also tha t  the rate o f  the back conversion i n  

the glow discharge may be oxtranoly fast as i t  appears t o  be for  t r f t fun.  

Recent work, however, by Harteck, Dondes and Brown w i t h  N, 

using ionizing radiat ion indicates that such a back conversion by an ex- 

change process i s  unlikely. 

{B) Metastable Molecules and Active Nitroqen-Hydrocarbon Reactions: 

I4-l4 with N, 15-15 

During the i n i t i a l  period of t h i s  general study it became evi- 

dent that a mass-spectrometer w i t h  quantitative analytical cap ib i l i t i es  

was needed. A variety of uses within the experimental programs deemed 

the purchase of B CEC 21.130 v i r tua l l y  a necessity. Purity o f  gases and 

composition o f  gas mixtures f o r  the ortho-para 8tudles was of a paramount 

inpor tame. 
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We incorporated a secondary en rance system t o  the analyzer which 

permitted a low pressure flowing gas stream t o  be continuously monitored 

by the mass spectrometer. 

system i n  the standard analytical fashion. 

By simply closing a valve we could use the 

Through the past few years th i s  mess-spectrometer was used t o  

monitor a reaction study involving nitrogen atoms. The surface catalyzed 

exci tat ion process was used with the active nitrogen to  make excited 

molecules, and a variety o f  reactions were studied. An invest 

also made of  the reactions between N-atoms and hydrocarbons. 

This work also was supported i n  part  by a NASA grant 

getion was 

t o  RPI for  

Interdiscipl inary Materials studies and constituted the thesis subject for 

a Ph.0. candidate, David R. Saftany. The work has been presented i n  

detai l  i n  h i s  thesis, and two publications have also appeared i n  the 

1 i tereture as a resul t  of  th is  work; copies of  wMch are appended. 

(c) The %anilUnineScence R M C t i O M  O f  Pb, 84, C S s  and SUl fUf  with. OXYQOfl 

A t a m  - 
A t  the request of  Mr. Richard HcKd of NASA18 Langley Fac i l i t y  

the chemiluninescent reactions o f  oxygan atoms w i t h  Pb, Bi, CSa and sul fur  

were studied i n  the 10-40 micron pressure range. The detai ls of t h i s  work 

are contalned i n  a report ent i t led 

wper Atmosphere 2 1  requisite copies are appended. 

Studies for  Chemical Releases i n  the 

Br ief  ly, the chemiluminescent reactions of  bismuth and lead gave 

luminosities which are an order o f  magnitude less than n i t r i c  oxide and 

consequently they would not appear t o  be suitable as release subrtencer. 
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Carbon disulfide, sulfur or sulfur compounds may be used fo r  
e h 

chemical releases since these substances are f ree from a competing reaction 

w i t h  nitrogen atoms, which i s  not the case for  n i t r i c  oxide. 

Work on chemiluminescent reactions has continued wi th  support 
especially f rom Air .  Force Cambridge. 
which substantiate a two-body chemiluminescent redctioh prokesr which 
had been considered unlikely i n  recent years i n  view of the established 
three-body chemi 1 mi nescent processes a1 so known. However, i n  the 
case o f  the low pressure n i t r i c  oxide-ox gen atom chkmiluninescent 

mechanism dominates (NO + 0 3 NO, + hv), 
addition the slrl'fuk monoxide- oxygen atom system also follows a simple 
twa-body reaction mechanism i n  producing the c h i  luminescence. The 
detai ls o f  th is  work w i t  1 appear i n  the near future i n  a paper accepted 
fo r  publication i n  the Journal o f  Physical Chemistry. 

New results have been obtained 

reaction, our results clearly indicated r hat simple two-body reaction 
(See appended reprint). I n  
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STUDIES FOR CHEMICAL RELEASES I N  THE UPPER ATMOSPHERE 

by 

Robert R. Reeves, Jr., Edwin W. Albers, and Paul Harteck 

Renssel~er Pol ytechni c 
Troy, New York 

September, 1961 

INTRODUCTION 

I ns t i t u te  

A survey type of  study has been made a t  the request o f  NASA, 

This study was conducted t o  evaluate the proposal o f  Richard Hard for  

releasing bismuth and (or) lead i n  the upper atmosphere whereby a 

luminosity migh t  be observed due t o  the reactions wi th  oxygen atoms, 

I n  order to  have a basis fo r  comparison for  the intensi ty of the lumi-  

nosity observed, n i t r i c  oxide was also added t o  the O-atoms. N i t r i c  

oxide has been previously released i n  the upper atmosphere and reported 

i n  the literature,' 

known t o  give a very strong luninosity i n  reaction w i t h  oxygen etomsO2 

Experimental Methods 

Sulfur was also added since sulfur compounds are 

A high vacuum system was used t o  study the reactions. The 

reaction vessel used was a 22 l i t e r  Pyrex glass f lask connected t o  a 

mercury pump w i t h  a speed of about 50 l i t e r s  per second under these 

conditions, 

i n t o  the f lask (see appended colored slides end pr in ts)  , The greenish 

white oxygen afterglow was j us t  v is ib le  a t  the operating pressures 

used--in the order o f  25 t o  45 microns. 

recombination o f  oxygen atoms on the walls, the f lask was coated w i t h  

ortho-phosphoric acid. 

t o  be about 10% dissociated. 

The O-at- were produced i n  a glow discharge and r t remed 

I n  order t o  prevent the 

Under these conditions the oxygen was estimated 

Both bismuth and lead were electroplated on t o  tungsten wire 

filaments, The metal could then be heated e lec t r i ca l l y  by passing 

currant through the tungsten filament. When v i s ib le  r e d a t i o n  was 
f i r s t  observed from the filament (600-700*c), the vapor pressure of 
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the bismuth or lead was suff ic ient  t o  give a reasonable rate o f  vapor- 

i t e t i o n  (vapor pressures - Pb = 1p a t  62S0C, lob a t  718OC; B i  = 1~ a t  

6Og0C, l op  a t  6 9 8 O C ) .  

I n  the case o f  bismuth a whitish glow was observedj for lead a 

bluish glow was observed. Each glow persisted for approximately one 
hour w i t h  a to ta l  quantity of 200-300 m i l l i g r a m  o f  metal. The glow 

5qas not observed uniformly through the flask, but was strongest near 

t h e  evaporating metals and toward the center of the flask, 

Evaporation o f  both rnetrls resulted i n  a coating o f  combined 

oxide and metal on the walls o f  the flask. 

atom recombination on the surface, and i n  time the 0-atom concentration 

r’thin the f lask was reduced to aegl i g i b l e  amount , 
vessel had to be recleaned. 

This coating catalyzed the 0- 

Eventual 1 y the 

N i t r i c  oxide, being a gas, was simply added a t  a known rate t o  

the O - e t o m s  streaming in to  the vessel. 

powder i n  a combustion boat. The sulfur reacts rapidly a t  taam temper- 

ature and i s  readi ly observed. 

Sulfur was added by placing 

Photometric measurements wre made w i t h  a lP2l held a f ixed 

distance from the vessel and directed a t  the maximun region o f  l i g h t  
emission. The results ate given i n  the Table and are discussed i n  q h ~  

next section. 



Tab1 e 

Estimated Light Emission fo r  Substances 
Added t o  Oxygen Atoms a t  Low Pressures 

Substance Total Pressure 
M crons 

B i  30 

Pb 30 
S 42 

NO 24 

* 

Part ial pressure Estimated 
o f  substance ca l -  Total quanta 
culated as 610, emitted per 
PbOa SO, NO second 

M i  c rons 

0 .5 8 x 1010 

0.6 5 x 1014 

2.1 3 x l o t 6  
3 8 x 10'5 

Estimated to ts  I* 
quanta emitted 
per second per 
gram of  sub 
stance added 

2 x 10'8 

1 x 10'" 

3 x l O 2 0  

2 x 1020 

Assuning the vapor of the added substance remeins i n  the vessel for  

one second before being prarpad out. 

Results 

To aid i n  evaluating these reactions, colored slides and 
photographs were made of  the observed emission as well as spectrograms. 

A key fo r  the various pictures i s  attached. 

Bismuth Visually the chemical luninescence from the bismuth 

reaction w i t h  0-atoms appears white. I t  extends only a few cent imtcrs 

from the filament or  source o f  the bismuth vapor. The spectrogrw 

showed banded structure typical o f  a diatanic molecule end the misston 

was assuned to be due t o  the excited BiO molecule. 

The observed emission i s  about two orders of magnitude less 
intense than the emission from an equivalent mount of  NO. This i s  

estimated f rom the photometric readings taken. 

- Lead The lead gives a blue luminosity with 0-atoms8 apparently 
a continuun, since no descrete spectrum could be observed w i t h  the 

spectrograph. The intensity i s  considerably more than that for the 

equivalent amount of  bismuth, but s t i l l  an order o f  magnitude less than 
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that w i t h  NO. Again the luminosity d id  not f i l l  the vessel but was 

concentrated near the center or the hot filament. Both lead and bismuth 

resufted i n  a deposit on the walls o f  the vessel. 

Sulfur The sul fur  i s  extremely easy t o  handle, since i 

a t  roan temperature and most remains i n  the gas phase. A coating 

eventually bui lds up on the wall, presumably due the formation of 

I t  can be observed that the sul fur  gave the highest lum 

reacts 

so, 0 

nosi t y  

as estimated f rom the photometric measurements. 

s l i gh t l y  higher, but has l i t t l e  effect). The observed luninosity 

i s  a continuum and results obtained ustng a quartz system and quartz 

spectrograph show emission to  be below 2400 1. 

(The to ta l  pressure was 

N i t r i c  Oxide The n i t r i c  oxide reaction i s  well known. The 

intensity o f  the luminosity observed i s  essentially equal t o  that 

calculated from the known reaction rates. These calculations indicate 

that approximately one NO molecule i n  every 100 added results i n  the 

emission o f  a photon or quantun o f  l ight .  

Discussion 

Under the conditions of these experiments i t  i s  probable that  

emission occurs by one of  two basic mechanisms] f i r s t ,  a simple two- 

body reaction of the type 

A +  ~ - , d +  tW (1) 

where the emission observed i s  a continuun. The second can be due t o  

a simple three-body reaction o f  the type 

A + B + M AB* + M 

AB*-, AB + hv 

where the emission i s  a band system o f  the AB molecule. 

reaction type (1) i s :  

Typical of 

NO + 0 .+ NO? + hv ( 3 )  



Typical o f  reaction type (2) i s :  

( 4 4  
(4b) 

* 
N + O + M + N O  + M  
NO* 3 NO + hv 

where the emission i s  the p, y and 6 bands of NO. 

I n  the case of  bismuth, the band spectra are observed and 

hence the emission may be due to  a three-body type reaction. The 

reaction w i t h  lead, however, appears to  be due t o  a two-body reaction 

since a continuum i s  observed. 

due to  a two-body reactian. 

reaction. 

The sul fur  i s  also probably emitting 

The NO i s  known t o  be due to  the two-body 

I n  extrapolating t o  the upper atmosphere conditions, f t  

should be considered that the three-body reaction decreases faster 

wi th  decreasing pressure than a two-body reaction. 

For two-body reaction 

uanta second = k (A) (8) V 

where k i s  the appropriate ra te  coeff icient 

(A) end (8) are the concentrations o f  

the reactants and V i s  the volume 
occupied by the reactants. 

For the three-body reaction the t h i r d  body concentration H 

must enter i n to  the equations 

I f  the bismuth i s  a three-body reaction and lead a two-body 

reaction, then the bismuth luninosity w i l l  decrease a factor 100 

m r e  than that of lead i n  extrapolating from a pressure o f  30 microns 

t o  0.3 microns to ta l  pressure. 

These mechanism are not necessarily definit ive. Others are 

certainly possible, but these appear reasonable. 

The n i t r i c  oxide released in the upper atmosphere did not 

actual ly e m i t  more than one photon per molecule released before the 

glow disappeared. However, it was passible that a chain mechanism 



could sustain the NO whereby emission would be observed f o r  some hers:.: 

NO + 0 * NO2 + hv ( 5  1 
NO2 + 0 4 NO + 03 ( 6 )  
N O + O + M + N O , + M  (7) 

I n  the upper atmosphere, reaction (5) yielded the v i s ib le  

luminosity, reaction (6) was the very fast  regenerating reaction for  
the NO, and reaction (7) was the paral le l  three-body reaction which 

was negligible a t  the low pressures, 

The reaction was termineted by some interfer ing reaction, 

probably as suggested by Harteck"), by il atoms i n  the very rapid 

reaction4 

N + NO 4 N2 + 0 (8) 

I n  the case o f  bismuth or lead a similar chain machanism may 

occur involving known oxides, but the experimental results here are 
not suf f ic ient  t o  indicate this, For NO i t  i s  hcwn t o  oecir, bfat i n  

th i s  part icuiar arrangemen:, only 1 par t ic le  i n  103 rezcted t2 e n i t  

l i g h t  and nO cat i i ly t ic  prczess could be cbaervad e : t h - .  \J% s~;z r , t  

that sul fur  w i l l  also go through a catalyt ic process v ia  SGIX 

mechanism. 

i nvo 1 ved : 

For example, any o f  the  following rcru;>ions riiroy bo 

The s u l f w  system has been studied t o  a l imi ted extent by our 

group and i t  i s  known that the N-atoms do not readi ly destroy the 

observed glow, as i n  t5e case o f  NO, Therefore, the emission from t ' ? ~  

reaction of sul fur  wi th O-atoms i n  the upper atomsphere might well be 
intense and las t  f o r  some time. 



For simplici-y CS, might be released, where 

i s  known to  occur. The reaction probably occurs, via: 

csa + 0 -+ cs + so 
cs + 0 -. co + s 
cs + 0 3 c + so or 

he same emission 

the a l t i tude o f  release f o r  materials should be considered 

especially where the intensity o f  luminosity may be low and visual 

observation may be d i f f i cu l t .  The original NO release was 106 KM 

and th i s  i s  considerably above the maximum oxygen atom concentration 

which should be near 95 KM. The rat io.  of the 0-atoms a t  these a l t i -  

tudes should be about 3. Therefore, a lower release should give 

considerabl y greater intensity . 
photometric measurements and estimates i s  not warrented i n  the l i g h t  

of  the substances. Certainly the concentration o f  these constituents 

must decrease from the source t o  the wall because of  di f fusion to  the 

wall where they are deposited. The photometric results may, there- 

fore, be low. 

A detailed discussion of the r e l i a b i l i t y  of  the present 

Conclusions 

(A luninosity does occur from the reaction o f  bismuth or lead 

w i t h  oxygen atoms. The luminosity from bismuth i s  conveniently 

located i n  the v i s ib le  region--appeating white; and the luninosity 

i s  easi ly observed spectrographically as the emission has the band 

structure of  BiO. 

easier photometricallyJ The peak o f  the emission i s  i n  the blue. 

The lead may be emitting due t o  a two-body reaction, while the bismuth 

an order of magnitude or more steonger i n  the upper atmosphere than 

that o f  bismuth. 

be an order of magnitude less than that with n i t r i c  sxide. 

Hawever, lead i s  more intense and i s  observed 

i s  v ia  a three-body reaction. therefore, (" the emission o f  lead may be 

Our measurements indicate the intensi ty would s t i l l  
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It should be noted that the low vapor pressure o f  the bismuth 
and lead and the oxides results in a loss of reactant by simple diffusion 
to the wall. Consequently, the reactant concentration may be one-tenth 
or less than the calculated value where the reactant i s  considered to 
be removed by pumping only. Therefore, a release of bismuth or lead i n  

the upper atmosphere may give better results than estimated by simple 
extrapolation from the values in the Table. 

---- 
-- _-- 

fiulfur may yield a very bright blue luninos4tyr also a conti- 
nuun. 
This is suggested for Consideration as a release material. 
be equivalent in intensity of emission to that from the NO release and 
may last longer because it i s  uneffected by #-atoms. 

(A release o f  CSa might be easiest and gives equivalent results). 
It should 

Ref erellces 

1 . Pressman, Aschenbrend, Marm, Jursa end Zel ikoffr The Threshold of 
Space, Pergemon Press (1 957); Page 235. 

2. P. Harteck and V, Kopsch, 2. Phys. Chem. B& 327 (1931) 
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Appendix 

In this section  we^ are including relevant slides and prints, 
An alpha reflex camera was used with indoor type high-speed Ectachrome 
f f t m  a t  f 2.8. further details for individual photographs are 
reported in the key, The corresponding slides and prints may be 
identified from the Roman numeral on each. 
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Key f o r  Slides and Prints for the Reactions o f  Oxygen Atoms 

With Bismuth, Lead, Sulfur, and Ni t r ic  Oxidg 
A 

Number 

I 
If 
111 
IV 
V 
VI 
VI I 
VI11 
I X  
x 
XI 
XI1 

XIV 
xv 
X V I  
X V I  I 
XVI I I 
XIX 
xx 
XXI 
XXII 

* 

* 
*XI11 

Designation Exposure Time Distance to  Flask Background 
i n  seconds i n  feet 1 ight 

Vacuum System 
65 
B i  
B i  
B i  
B i  
B i  
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
S 
S 
S 
S 
NO 
No 
NO 
NO 
NO 

II 

120 
120 
1 20 

10 
30 
30 

120 
120 
;30 
30 
30 

120 
30 

120 
120 
-30 
30 

120 
10 

1 20 
30 

0- 

10 
10 
10 
4 
-4 
4 

10 
10 
4 
4 
4 
4 

10 
10 
4 
4 

10 
10 
4 
4 
4 

* 
These photagrvhs wewe taken a t  higher rates of  evaporation. 

-.. 
on 
o f f  
on 
o f f  
o f f  
o f f  
o f f  
on 
o f f  
on 
on 
on 
on 
on 
on 
on 

on 
on 
on 

on 

on 
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I n  t h i s  period, two projects have been conducted simultancously: 

(1 )  an i nves t i ga t i on  of the react ions of oxygen atoms w i t h  bismuth and 

lead ( i n  comparison w i t h  the  reactions o f  oxygen atoms w i t h  n i t r i c  oxide 

and carbon d i su1 f ide ) j  and (2) an inves t i ga t i on  o f  the separation o f  

ortho-para type systems. 

The former pro ject  has been reported and sent t o  NASA (1 1 . 
Essent ia l ly ,  the repo r t  contains measurements o f  i n t e n s i t y  f o r  the 

luminosi ty  produced i n  the above cases along w i t h  l i m i t e d  spectral  resul ts.  

The second p ro jec t  has been concentrated on the conversion o f  

molecules o f  the ortho-para type i n t o  the lower state, analogous t o  the 

transformation o f  ortho-para hydrogen i n t o  para-hydrogen by the use o f  

a su i tab le  ca ta l ys t  a t  low temperatures. For t h i s  work n i t rogen and 

methane were selected and each have been studied i n  de ta i l .  

I n  case of n i t rogen the conversion i s  d i f f i c u l t  because n i t rogen 

Experimentally, n i t rogen does not normally r o t a t e  f r e e l y  below 3 5 . 4 O K .  
mixed w i t h  i n e r t  gases as di luents,  was cooled t o  the temperature o f  

l i qu id  helium ( 4 . 2 O K )  and below, These mixtures were preabsorbed on 

a cata lyst .  

paramagnetism and ranged from charcoal w i t h  a r e l a t i v e l y  low value t o  

the intermediate and h igh values exhib i ted by the r a r e  e a r t h  oxides. 

The r e s u l t  of  each experiment was determined spectroscopical ly by looking 

a t  the v a r i a t i o n  i n  i n t e n s i t y  of the r o t a t i o n a l  s t ruc tu re  o f  the molecule 

i n  the second p o s i t i v e  system and o f  the i on  i n  f i r s t  negative band 

system. To date no substant ia l  change has been observed. 

The ca ta l ys ts  were selected on the basis o f  t h e i r  

For a polyatomic molecule such as methane, three va r ia t i ons  are 

possible; v i t . ,  ortho, para, and meta. 

analysis, the higher r o t a t i o n a l  constant o f  methane may s i m p l i f y  the 

experimental procedure; i.e., a measurable separation may be made a t  

4.2OK. 

Although t h i s  complicates the 

(1) " Studies For Chemical Releases i n  the Upper Atmosphere", 
R.R.Reeves, E. W. Albers and P. Harteck. 
A. Hord, Dynamic Loads D i v i s i o n  National Aeronautics and 
Space Administration, Langley Research Center, Langley 
A i r  Force Base, V i r g i n i a  

Sent t o  Mr.  Richard 



2. 
Furthermore, the heat capaci ty data of Euchen") on mixture o f  methane 

and krypton i nd i ca te  t h a t  methane i s  s t i l l  f r e e l y  r o t a t i n g  a t  the 

temperature of  l i q u i d  helium, 

krypton was brought i n t o  contact w i t h  a number o f  the same ca ta lys ts  

used f o r  the n i t rogen system. 

spectroscopic means by look ing a t  the r o t a t i o n a l  s t ruc tu re  o f  methane's 

two ac t i ve  i n f ra red  bands; resu l ts  so f a r  have been negative, 

b 

In t h i s  work a mixture o f  methane an&' 

Again, r e s u l t s  were determined by 

Future 

Future work w i l l  continue the studies o f  luminescent reactions; 

possible rocket  shots are now planned. 

ments are associated w i t h  chemiluminescent react ions.  

t ha t  a s inq le  rocket w i t h  a payload o f  d i f f e r e n t  mater ia ls  be considered 

as a survey means; i,e,, a t  successive i n t e r v a l s  a d i f f e r e n t  mater ia l  

could be ejected thereby establ ish ing the most su i tab le  substance 

by the cheapest means. 

The object ives o f  wind measure- 

I t  i s  suggested 

Work w i l l  continue also on the ortho-para systems. I n  order 

t o  ob ta in  in format ion on molecules w i t h  lower r o t a t i o n a l  constants, 

e,g., methane and nitrogen, we now plan t o  look a t  ortho-para 

t r i t i u m  as a guide t o  the more d i f f i c u l t  and complex n i t rogen and 

methane molecules. 

(2) A. Euchen and H, Vieth, Z.physik Chem. BJ4, 275 (1936). 
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The study of releases of chemicals i n  the upper atmosphere has 

been continued. This work i s  closely a l l i e d  w i t h  work w i t h  AFCRL 

under Or. N.W. Rosenberg. I n  particular, our laboratory results 
have indicated that CS2 should react w i t h  0-atoms to  give a substantial 

glow i n  the chemosphere i n  the 100-120 kilometer region. 

tford o f  NASA* has been instrumental I n  having the CSa released. The 

results were unfortunately negative, yielding no emission. Several 

reasons are possible fo r  no emission, &ut a t  present i t  appears most 

l i ke l y  to  us that the CSa was not actually released.. This question 

should be resolved i n  the near future, since Mr. Hord has informed 
us that .a new release i s  planned i n  September. 

Mr. Richard 

In  connection w i t h  work f o r  Cambridge and a t  the suggestion of 

Dr .  Rosenberg and h i s  group, we have studied the reaction of trimethyl 

aluminum (TMA) w i t h  0-atoms. The purpose of  th is  study i s  t o  t r y  t o  
obtain more information on the results of grenade experiments i n  

Australia reported by Woodbridge, where, fo r  a very small weight, 

less than one pound, a reasonably persistent glow was obtained i n  

the night sky, apparently through a reaction involving oxygen atoms 

and some substance involved i n  the grenade experiment. One of  the 

major elements i n  the grenade was aluminun and hence i t  was thought 

that free aluninun might be released i n  the explosion and y ie ld  th i s  

luminosity by some mechanism. Our laboratory results indicated a 

br ight  glow from the TMA and 0-atom reaction where we ass- the 

aluminun i s  the main reaction species from the TMA. A t  present, how- 

ever, we do not believe the intensity i s  suf f ic ient  t o  cause the 

observed luminosity from the grenades, although many experimental 

d i f f i cu l t i es  prevent an accurate evaluation. The best evaulation o f  

the results, indicates that an overall intensi ty from th is  reaction 

would be equivalent per uni t  weight t o  the reaction evolving n i t r i c  

oxide and have a very similar spectral d is t r ibut ion t o  the radiation. 

* 
Dynamic Loads Division, National Aeronautics and Space Administration, 

Langtey Research Center, Langley A i r  Force Base, Virginia. 



2. 

The glow from these grenade experiments has been a point  of  discussion 

w i t h  Mr. Hord and NASA. 

We would 1 i ke to  point out a possible a1 ternate 1 uminosi t y  source 

which we consider quite possible. This i s  the reaction o f  N-atoms 

w i t h  molecular oxygen. 

the grenade i s  released, the resultant shock wave, on passing through 
the atmosphere, w i l l  accelerate the N + O a +  NO + 0 reaction, result ing 

i n  a re la t ive ly  high level o f  n i t r i c  oxide which can cause the luminosity 

observed. An ambient nitrogen concentration of l o s  atoms per cubic 

centimeter i s  suf f ic ient  t o  readi ly produce such a glows th i s  i s  s t i l l  

considered a not unreasonably high nitrogen-atom concentration despite 

some lower J( upper l imits'@ now claimed. 

I f  N-atoms are present i n  the ambient where 

The work on ortho-para systems has continued. We have now con- 

verted normal t r i t i u m  to  paratritium4 th is  work w i l l  be reported i n  
the l i te ra tu re  short ly with appropriate d is t r ibut ion t o  NASA. The 

t r i t i w n  was converted using a coconut charcoal catalyst i n  the 8 t o  

20°K range, measuring the degree of  transformation w i t h  usual thermal 

conductivity technique. 

minutes. There was no observable ef fect  from the radioactive nature 

o f  the tr i t im w i t h  regard to  an autocatalytic conversion. 
transformation i s  expected to  be especially useful i n  obtaining 

pertinent information fo r  experimental techniques fo r  transforming the 

nitrogen or methane systems t o  their  lower states. 

Half time f o r  the conversion was four t o  f i ve  

This 

We have purchased a mass spectrometer on th is  grant t o  use i n  
connection w i t h  reaction studies of excited molecules. This work i s  

j u s t  gett ing underway w i t h  the construction o f  the equipment jus t  

coming t o  completion. The mass spectrometer i s  also being used 

regularly for the ent i re project, for  standard chemical analysis and 

fo r  test ing fo r  pu r i t y  o f  various gases. 

I n  the imnediate future we plan to  continue the study o f  O-atom 

reactions associated w i t h  the upper atmosphere. This work w i l l  be a t  



, 

a somewhat reduced level as w8 place more emphasis on the ortho-para 

systems. The study of reactions of excited molecules with various 

ground state molecules should begin during the la t te r  pact o f  July 

with the completlon of the apparatus. 
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Precise k inet ic data for the conversion o f  3:l ortho- 

paratr i t ium in to  1 t l  ortho-paratrit iun on e coconut charcoal a t  

l i qu id  neon temperature have been obtained. The publication o f  

these date w i l l  appear in  Zeitschif t  fur Meturforschunq i n  March 

1963, (Twenty-five copies o f  th is  manuscript were forwarded t o  
NASA i n  November 1962). 

The hal f - l i f i i t ime for  the conversion a t  27.4OK ( 1  i qu id  

neon) was found t o  be one minute4 back conversion on the same 

coconut charcoal a t  the tenperature o f  l i qu id  nitrogen (77.4'K) 
gave a h a l f - l i f e  o f  0.92 minutes. For hydrogen under identical 

conditions the bal f - l i fet ime whs twenty-four times slower. To a 

f i r s t  approximatlon the magnitude o f  the difference between hydrogen 

and tritiun results i n  a factor o f  eight when one considers the 

t ransi t ion probabi l i ty  expression derived by Wigner'l) fo r  the homo- 

geneous conversion i n  the gas phase. This marked variat ion be- 

tween hydrogen and t r i t i u n  i s  a most s t r ik ing and interesting re- 

su l t  and deserves further investigation. 

ef fect  of  ions i n  the gaseous and so l i d  state i s  now being studied. 

I n  t h i s  connection the 

Currently we are engaged i n  establishing the kinet ics 

for  the followingt conversion o f  t r i t i u n  i n  a so l id  l a t t i c e  con- 

taining hydrogens back conversion o f  para t r i t iun  ( 1  :1) ortho- 

para t r i t iun  mixture i n  the presence o f  n i t r i c  oxide a t  room 

tanperature, which i s  an independent measure o f  the nuclear mag- 

nettc moment# him1f-lifatime of conversion fo r  pure tritiun at  the 

temperature o f  l i qu id  hel iunj and the conversion of tritiun on 

s i l i c a  gel . 
Preliminary results indicate a hal f - l i fet ime o f  100 

minutes f o r  the mixture o f  hydrogen and tritiun i n  the so l id  state. 

For the homogeneous back conversion o f  t r i t i u n  i n  the presence 

of n i t r i c  oxide the measured hal f - l i fe t ime was 17 minutes, th is  

result agrees w i t h  the data reported by Farker") fo r  hydrogen back 

converting under similar conditions, allowance being made fo r  the 

change o f  mass as required by the t rans i t ion probabil i ty expression 
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of Wigner. Measuremgnts related to the so l id  phase conversion and 

conversion on s i l i c a  gel are i n  procedure. 

A t  the Spring Meeting o f  the American Chemical Society i n  

March 1963 a second paper on the t r i t ium system w i l l  be presented 

and published i n  Journal o f  the American Chemical Society. Prior 

t o  th is  time the requis i te copies o f  th is  paper w i l l  be forwarded 

to  NASA. 

Future work w i l l  be directed toward establishing the effects 

o f  the ions produced by the radioactive decay of tritium on the 

mechanism of conversion for the homogeneous and heterogeneous phases. 

I n  the future a f te r  completing our experimentation on orthorn and 
paratr i t ium we plan t o  conduct exploratory experiments on ortho- and 

para N"!-.#14 and NlS.-NlS and on the three methane systems. 

hope that the knowledge acquired w i t h  the ortho- and paratr i t ium 

experiments w i l t  help us t o  make a successful approach t o  th is  very 

tempting but experimentally d i f f i c u l t  f ie ld ,  

We 

Literature 

Copies o f  papers discussed a t  the Informal Conference on Photo-chemistry 

i n  Brussels i n  June, 1962 are attached. This work was supported i n  part  

by th i s  grant. 
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(2) A. Farkas, " Orthohydrogen, Parahydrogen and Heavy Hydrogen" 

Cambridge Univ. Press, 1935. 
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The rates of  conversion of tr i t ium i n  the so l id  phase a t  4.2OK 

( l i qu id  heliun) and the gas phase a t  27.Z°K ( l iqu id  neon) have been 

mecrsurad. These data have been submitted for publication i n  The Journal 
of the American Chemical Society. (Twenty-five copies of  th is  manuscript 

were forward t o  NASA i n  June 1963). 

The measured hal f  l i fet ime far the conversion of  tritiun i n  

the so l id  phase was found to  be swenteen minutes. This rate of  con- 

version i s  210 times faster than for normal hydrogen. The enhanced rate 

of  conversion o f  tritiun, howevers may be due ent i re ly t o  a m r e  

favorable energy transfer process. Examination of  the measured ha l f  

l’ifetimes for hydrogen, deuteriwn and tritiun i n  the so l id  phase seems 

t o  indicate that for  t r i t i u n  a one phonon process i s  very l i ke l y  

whereas for hydrogen the min ima l  energy process must involve two phonons. 

Deuteriun, however, may bq either a one phonon or two phonon process. 

For the gas phase conversion at  27.2OK var iat ion of the amount 

o f  bare metal surface w i th in  the heat conductivity c e l l  envelope markedly 

changes the ha l f  l i fet ime for the gas phase conversion. Since the 

heat conductivity ce l l  remains imnsrred i n  l iqu id  neon, i t  i s  l i k e l y .  
that ions play major par t  i n  the conversion i n  the gas phase. 

Future Work 

Since the ro le  of  the ions may be o f  prime Importance i n  the 

so l id  conversion, we plan to  study i n  greet detai l  the conversion 

of hydrogen-tri t i u n  mixtures and possibly deuteriun-tr5 tim mixtures. 

For the ef fect  of  ions on the gas phase conversion the pressure of  
tritiun w i l l  be increased from one millimeter t o  s i x  millimetters. 

S in&  i t  appears that the rate of conversion should vary w i t h  the 

third or fourth power of thb pressure i f  the conversion takes place 

over ions i n  the gas phase, one should only be able to  measure the 

1 t l  r a t i o  of ortho-paratrltiun a t  27.2OK. 
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The release of  n i t r i c  oxide i n  the upper atmosphere s ix  years 

ago by Dr. Zel ikof f  and h is  group") gave s t r i k ing  evidence fo r  the 

existence o f  the chemosphere and par t icu lar ly  the re la t ive ly  high con- 

centration o f  oxygen atoms i n  th i s  region. 

considerations and laboratory experiments we have made concerning 

This paper discusses some 

possible chemical releases and 

also what information m igh t  be 

the upper atmosphere. 

The solar radiation 

v is ib le  region around 5000 A. 

the i r  e f fect  on the upper atmaspherej and 

obtained i n  th is  way about the nature of 

has an intensity which i s  a maximun i n  the 

I n  the upper atmosphere regions where 

the to ta l  pressure i s  one micron or less, one need consider only radi- 

at ion which has a very high absorption coefficient. Radiation below 

1800 A i s  absorbed by oxygen i n  th is  region t o  form O-atoms. 

1- wwelengthsstart ing about a t  Lyman a (1216A) can make both 

ionization and dissociation processes i n  the atmosphere. This sun of 

effective radiat ion i s  less that a per m i l  of  the to ta l  energy o f  solar 
radiation. 

S t i l l  

This release o f  NO by Dr. Zel ikof f  and h i s  group a t  about 106 

kn gave a runinosity which was almost exactly what was predicted. The 

n i t r i c  oxide reacts with O-atoms giv ing the we1 1-known reaction: 

(1) (Ref 2) 
-17 

NO + 0 .+ NOa + hv: k = 3.10 

which m y  be followed by 
, I  2 

NO, + 0- NO + 0,: k = 10 
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The luninosity resulting from the NO release was readi ly 

observable indicating the presence o f  O-atoms. 

concentration o f  1-3 x 1 O l 2  particles per cubic centimeter, than there 

would be one photon emitted per NO molecule by reaction (1) i n  every few 

hours. Actually, however, the glow disappeared i n  a f ract ion o f  an hour 

and a t  the time we speculated that t h i s  could be due t o  nitrogen atoms 

via: 

I f  the O-atoms had a 

-1 1 
N + NO +N2 + 0: k = 10 (3)  

This idea that the N-atoms might be i n  suff ic ient  concentration t o  inter-  

fere has not been widely accepted. 

We have been looking fo r  other chemicals t o  release which might 

give: 
1) more luminosity (per pound) 
2) avoid destruction by N-atoms (or other loss mechanism) 
3)  indicate the N-atom concentration 

When considering ways t o  have a more intense luninosity the 

question also arises as to  what i s  the amount of energy stored as 

dissociation energy i n  the upper atmosphere and what i s  the nunber of 

l i g h t  quanta which could be emitted in a pntcess which emits one l i g h t  

quanta i n  the v is ib le  for each O-atom or fo r  each pai r  o f  O-atoms. 

Assuning a maximun O-atan concentration i n  the 100 km alt i tude region o f  

I O l 2  part icles per ans, and a scale height o f  10 Ian = lo6, we see that, 

per an2, lo1* O-atoms are present during the night, By recombination, 

these 10" O-atoms could release an energy equivalent o f  0.1 cal/cm2. 

Since the sun radiates about 10" l i gh t  quanta i n  the visible, the 

0-atoms stored i n  the rpper atmosphere are sufficient, i f  an adequate 

chemical reaction could be found, t o  e m i t  f o r  a few seconds a l i g h t  

intensi ty equivalent t o  the luninosity o f  the sun during daytime. 

Obviously th is  high intensity - short duration emission i s  not pract ical  
t o  achieve. I t  i s  well in the realm of  possibi l i ty, however, t o  release 

substantial amounts of Q chemical w i t h  rockets in  the regions where the 

O-atoms are most abundant and thereby induce photochemical reactions 

over wide areas. The emission may be suff icient t o  be easily seen from 

the ground, or even t o  brighten the night sky for  several hours t o  a 
degree more than that o f  a f u l l  moon (more than 10'2 l i g h t  quanta per 

centimeter square per second) . 
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I remember from over t h i r t y  years ago when we had been f i r s t  

studying reactions w i t h  oxygen atoms, that hydrogen sul f ide gave a 
beautiful intense blue emission.(4) This glow i s  also readily observed 

with the reaction o f  O-atoms with sulfur, carbonyl sulfide, and carbon 

disulfide. A release of such a chemical might give a high intensi ty 

o f  l i g h t  vias 

For CS2 we have studied the reaction and i t  probably follows a mult i-  

step oxidation a t  these low pressures: 
012 

012 
CS2 + 0 -+ CS + SO ks 10 ( 5 )  

( 6 )  
(7) 

c s ~ o + ~ ~ + s  j k e a  10 

S + 0 2 + S O  + O  j k7- 10 
-12 

SO + 0 SO2 + hu r<, a 3.10°16 (4) 

Reactions (5-7) appear to  be fast w i t h  eff iciencies o f  10°30r better 

while reaction (4) may be loo6 or better. The coeff icients indicated 

are estimated from preliminary work at  room temperature f r o m  100 microns 

down t o  5 microns. 

Reactions (5-7) consune rapidly O-etans without 1 ight  emission. 

Therefore e release o f  CS, i n  the upper atmosphere may y ie ld  a dark 
center w i t h  a br ight  blue shell which would grow w i t h  time. 

there can be no regeneration o f  the SO v ia  

Unfortunately, 

I t  might be well a t  th is  point t o  compare the re la t i ve  inten- 
s i t i es  o f  SO emission result ing from reaction (4) and NO emission from 

reaction (1). I t  i s  true that NO may be regenerated by reaction (2), 

white SO i s  not regenerated by reaction (8). The reaction ra te  of  NO 
-17 -1 6 

is, howevw, small (k = 3.10 ) compared t o  that from SO (k = 3.10 
Furthermore, the NO, produced by reaction ( I )  i s  apparently not avai l-  

able for  regeneration because o f  reaction w i t h  N-atoms. Therefore, the 

release of a sul fur  compound should give a substantially brighter 

). 

1 minosi  ty. 
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Because of the possible interference o f  N-atoms i n  the n i t r i c  oxide 

release, we decided t o  investigate the mixed N-atom-0-atom reaction wtth 

sulfur compounds. We have t r i ed  the ef fect  o f  N-atoms with a mixture o f  
carbon disul f ide and 0-atoms and i t  not only doesn't interfere, i t  can 

actually enchance tha t o t a l  emission v ia  the following reactionsz* 
LI 

CS2 + 0 + CS + SO g k, 10'" (5 1 
cs + 0 co + s k,- lo-" (6) 
S + 0,- SO + 0 g k; 10 -12 (7) 
SO 4 N +  S + NO 1 klo lO-'S ( 9 )  

(1) 

SO + O +  SOa + hv ke-3.l0-l6 (4) 

LI 

a 
NO +O+NOa + hv k, 3.10-17 

The blue emission from (4) i s  not only enhanced by the production of  0-atam 

from N-atoms v i a  Reactions ( 9 )  and (7), but also the color may change t o  

y ie ld  a more whi t ish glow with time due to  l i g h t  emission by reaction (1). 

This ef fect  was readi ly observed i n  the laboratory. Reaction ( 9 )  should 

be of  basic importance f o r  a sulphur or NO plus sulphur release In  the 

upper atmosphere since the SO w i l l  have the ef fect  t o  destroy the N-atoms 

and hence the result ing NO m y  have a substantial longer l i f e t i n s  a t  
least near the center o f  the release. 

r 

The ro le  of N-atoms in  the upper atmosphere i s  not en t i re ly  
clear because of  the lack of direct  experimental evidence fo r  the 
concentration and duratton i n  the upper atmosphere. The N-atam should 
have a l i fe t ime of soma hours a t  100 kilometers (3) i f  they were consuned 
only by th reaction: 

-16 
N + 0 2 4  NO + 0 4 kg1 = 10 (10) 

G l o w s  observed from the grenade releases may(5) be due t o  a shock wave 
which would accelerate reaction (lo), w i th  the subsequent reaction of  

NO w i t h  0-atom tn reaction (1). 

%esa reactions have b n  studied by Oondes and L i u t i  i n  detail. This 
work i s  being prepared for publication. 
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There arises the interesting problem of what other substances could be 

considered fo r  such releases and what properties they should possess. 

Since the release o f  these substances w i l l  take place a t  very low pres- 

sures 0-atom concentrations are highest, i t  would be preferred t o  have 

two-body reactions, since three-body reactions may be neglected. The 
two-body mechan4sm may be of two types: 

and 

AB + 0 -+ AO* + 8 

AO* -+ 40 + hv  

x + 0 3 XO" 

X O * ? X O  + hu Type I1 

A t  present we don8t know any reactions of Type I involving 0-atoms which 

whould emi t  l i g h t  i n  the v is ib le  w i t h  a high efficiency. We are therefore 

l imi ted to  Type 11. To th i s  grow belongs reaction (l), which can be 

written i n  the form as above as: 

NO + 0 + N O 2  

O t h e r  represmtatives of  t h i s  type o f  substance which have t o  be con- 

sidered are metals release directly, or as metal organic compounds, or 

as vo la t i l e  inorganic compounils. Unfortunately these reactions are 

d i f f i c u l t  t o  study and simulate i n  the laboratory, because usually metal 

oxides are formed which w i l l  deposit on the walls of  the vessel and 
cata ly t ica l ly  destroy the 0-atoms. The ideal metal could behave i n  two 

w y s  : 

(1) M + 0 + MO + hu (a) 

The l i g h t  emission should be I n  the region where the eye i s  most 

sensitive and the MO or MO, should not undergo a chemical reaction w i t h  
N-atoms which stops the chain. To properly investigate these types of 

reactions, we would need a very large reaction vessel, so that the wall  

effects would become reduced. b k  made a l l  our experiments i n  a reaction 

vessel of 50 l i t e r s  a t  about 10-20 micron pressure. This pressure 1s 

(2) MO + 0 3 + MO, + hv (a) 
MO + 0 -+ M + 0, (b) MO, + 0 4 MO + 01 (b) 
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about by a factor 100 lower than most experiments which are perfonmi 

w i t h  atom generated with Q glow-discharge, but s t i l l  a factor 10 

higher than the pressure i n  the chemosphere. We would 1 ike t o  emphasize, 

that under our experimental conditions we come nearer t o  the condition 

which prevail i n  the chemosphere, than most o f  the experiments performed 

on these lines. 

We investigated a rerfes of  the metal organic conpounds (6), 
from these substances Al(CH,), gave, w i t h  0-atoms, a most beautiful 
white luminosity, I n  the f igure can be seen the spectrun o f  l i g h t  
emitted. The dissociation emergy o f  A10 i s  quoted as De- 3.75 vo l ts  i n  
0. Hertberg, Spectra o f  Diatomic Molecules, 1951 . This dissociation 

energy would be i n  l i ne  w i t h  the observed spectrun which extended t o  

about 3800 A. A chain reaction (5) i s  therefore possible via: 

A1 + 0 3 AlO* .+ A10 + hu 
and 

A10 + 0 - + A 1  + O p  

This would f u l f i l l  both properties which one would desire fo r  

B chemical substance fo r  release, namely a lunfnosity which i s  
predominantly i n  the visible, and also a chain mechanism t o  regenefate 

the reactant. 

A t  present we are designing an experimental arrangement which 

can extend the work s t i l l  lower pressures t o  more nearly simulate the 

Chemosphere. 

The authors wish to  rrcknawledge the assistance of  O r .  L.G. 
Bassett i n  preparing th is  paper. 
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ABSTRACT 

The excited molecules are produced by use of a 
surface catalyst. The chemical reactions o f  the nitrogen 

excited molecules.(N,AsZU) w i t h  d i f ferent substances are 

discussed along w i t h  the reaction of the excited oxygen 

molecule (O,AsZu) w i t h  oxygen and n i t r i c  oxide, The intsr- 
action o f  highly vibrat ional ly excited OH radicals i s  also 

discussed. 
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